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(57) ABSTRACT

An overcurrent detection circuit, which detects overcurrent
of a load driving device arranged to drive a capacitance load
by switching a voltage applied to the capacitance load
between high level and low level, includes a clock signal
generation unit arranged to generate a clock signal, a com-
paring unit arranged to compare a physical quantity corre-
sponding to current supplied from the load driving device to
the capacitance load with a predetermined value, and a
determination unit arranged to determine whether or not the
load driving device 1s 1n an overcurrent state based on the
clock signal and a result of the comparison by the comparing
unit, during a period in which the load driving device applies
a high level voltage to the capacitance load.
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OVERCURRENT DETECTION CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This nonprovisional application claims priority under 35

U.S.C. § 119(a) on Patent Application No. 2016-076436
filed 1 Japan on Apr. 6, 2016, the entire contents of which
are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an overcurrent detection
circuit.

Description of Related Art

In a liquid crystal display panel of a type 1in which pixel
circuits and a gate driver are directly mounted on a glass
substrate, thin-film transistors are used for operating the gate
driver, and hence 1t 1s necessary to supply a high voltage to
the gate driver. Therefore, a level shifter that performs signal
level conversion (amplification of voltage amplitude) 1is

disposed at a front stage of the gate driver.

The level shifter disposed at the front stage of the gate
driver drives the liquid crystal pixel that 1s a capacitance
load. For this reason, charging current tlows from the level
shifter to the capacitance load when output voltage of the
level shifter 1s switched from low level to high level, and
discharge current tlows from the capacitance load to the
level shifter when the output voltage of the level shifter i1s
switched from high level to low level.

Therefore, in order to detect overcurrent of the capaci-
tance load driving level shifter, 1t 1s necessary to discrimi-
nate between charge/discharge current of the capacitance
load and overcurrent due to occurrence of abnormality 1n the
capacitance load. A general overcurrent detection circuit that
detects overcurrent of the capacitance load driving level
shifter performs the above-mentioned discrimination using
an RC filter.

FIG. 7 1s a diagram 1llustrating a structure of a capacitance
load driving level shifter and a general overcurrent detection
circuit that detects overcurrent thereof.

The capacitance load driving level shifter 1s constituted of
a level shifter driver D1, a P-channel MOS transistor Q1,
and an N-channel MOS ftransistor Q2. The level shifter
driver D1 receives an mput voltage V - that 1s a pulse signal,
generates a first gate signal G1 having an inverted logic
value of the input voltage V.., and a second gate signal G2,
supplies the first gate signal G1 to the MOS transistor Q1,
and supplies the second gate signal G2 to the MOS transistor
Q2. Thus, the MOS transistor Q1 and the MOS transistor Q2
are repeatedly turned on an off in a complementary manner.

An on-voltage V 5., 1s applied to the source of the MOS
transistor Q1, and an off-voltage V - that 1s lower than the
on-voltage V ., 1s applied to the source of the MOS tran-
sistor Q2. Therefore, an output voltage V ., generated at a
connection node between the drain of the MOS transistor Q1
and the drain of the MOS transistor (Q2 1s a signal having the
same logic value as the input voltage V,,, and a voltage
amplitude equal to a diflerence between the on-voltage V 5,
and the off-voltage V ,-~. The output voltage V. 1s
supplied to the capacitance load constituted of a capacitor
C1 and a resistor R1.
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The general overcurrent detection circuit 1s constituted of
a reference voltage source 101, a comparator 102, and an RC

filter 103. The reference voltage source 101 generates a
reference voltage V...~ corresponding to an overcurrent
detection level LV , ., and outputs 1t to the comparator 102.
The comparator 102 compares a drain-source voltage V 5. of
the MOS transistor Q1 with the reference voltage V...
However, the comparator 102 does not perform the above-
mentioned comparing operation during a period in which the
input voltage V.- 1s low level and the period after the input
voltage V.., 1s switched from low level to high level until a
mask period elapses. The length of the mask period 1s
determined by the time constant of the RC filter 103. Note
that when the MOS transistor (01 1s on state, the drain-source
voltage V. of the MOS ftransistor Q1 1s proportional to
current I,,. that flows 1n the MOS transistor Q1.

When 1t 1s detected that the drain-source voltage V. of
the MOS transistor Q1 1s higher than the reference voltage
V.. by the comparing operation of the comparator 102,
operation of the level shifter driver D1 1s stopped in accor-
dance with a comparison result signal output from the
comparator 102. Thus, overcurrent protection 1s achieved.

As 1llustrated 1n FIGS. 8 and 9, the current I, that flows
in the MOS transistor Q1 becomes largest due to the
charging current of the capacitance load at a time point when
the input voltage V,,; 1s switched from low level to high
level, 1.e., at a start time point of the mask period, and then
1s gradually decreased along with a decrease 1n the charging
current of the capacitance load.

Therefore, an end time point of the mask period becomes
a detection point DP of overcurrent. As illustrated in FIG. 8,
if the current 1, flowing in the MOS ftransistor Q1 1s the
overcurrent detection level LV , ., or less at the overcurrent
detection point DP, overcurrent 1s not detected. As 1llustrated
in FI1G. 9, if the current I, flowing 1n the MOS transistor Q1
1s larger than the overcurrent detection level LV .- at the
overcurrent detection point DP, the overcurrent 1s detected.

However, the time constant of the RC filter 103 has a large
variation, and hence the overcurrent detection point DP
varies due to the varnation of the time constant of the RC
filter 103. For this reason, the general overcurrent detection
circuit cannot accurately detect the overcurrent due to occur-
rence ol abnormality 1n the capacitance load.

Note that an overcurrent control unit disclosed 1n JP-A-
11-168829 uses a time constant circuit constituted of a
resistor and a capacitor so as not to perform the overcurrent
detection until a predetermined time elapses after power 1s
turned on. For this reason, the overcurrent control unit
disclosed 1n JP-A-11-168829 also cannot accurately detect
the overcurrent due to the occurrence of abnormality 1n the
capacitance load similarly to the general overcurrent detec-
tion circuit described above.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide an
overcurrent detection circuit that can accurately detect over-
current due to occurrence of abnormality 1n a capacitance
load.

An example of the overcurrent detection circuit disclosed
in this specification 1s an overcurrent detection circuit that
detects overcurrent of a load driving device arranged to
drive a capacitance load by switching a voltage applied to
the capacitance load between high level and low level. The
overcurrent detection circuit includes a clock signal genera-
tion unit arranged to generate a clock signal, a comparing
unit arranged to compare a physical quantity corresponding
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to current supplied from the load drniving device to the
capacitance load with a predetermined value, and a deter-

mination unit arranged to determine whether or not the load
driving device 1s 1n an overcurrent state on the basis of the
clock signal and a result of the comparison by the comparing
unit, during a period in which the load driving device applies
a high level voltage to the capacitance load.

Another example of the overcurrent detection circuit
disclosed 1n this specification 1s an overcurrent detection
circuit that detects overcurrent of a load driving device that
drives a capacitance load by switching a voltage applied to
the capacitance load between high level and low level. The
overcurrent detection circuit includes a clock signal genera-
tion umt arranged to generate a clock signal, a comparing
unit arranged to compare a physical quantity corresponding
to current supplied from the capacitance load to the load
driving device with a predetermined value, and a determi-
nation unit arranged to determine whether or not the load
driving device 1s 1n an overcurrent state based on the clock
signal and a result of the comparison by the comparing unit,
during a period in which the load driving device applies a
low level voltage to the capacitance load.

The load driving device having an overcurrent detection
function disclosed 1n this specification includes a load
driving device arranged to drive a capacitance load, and the
overcurrent detection circuit arranged to detect overcurrent
of the load driving device, which has one of the structures
described above.

A liquad crystal display device disclosed 1n this speciii-
cation includes a liquid crystal display panel including a gate
driver, and the load drniving device having an overcurrent
detection function, which includes a level shifter arranged to
supply an output signal to the gate driver and has the
structure described above.

The meanings and effects of the present invention will
become more apparent from the description of an embodi-
ment given below. However, the embodiment described
below 1s merely an embodiment of the present invention,
and meanings of the present invention and terms of struc-
tural components are not limited to those described in the
following embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a diagram 1illustrating one structural example
of a level shifter having an overcurrent detection function.

FIG. 1B 1s a diagram illustrating another structural
example of the level shufter having the overcurrent detection
function.

FIG. 1C 1s a diagram 1illustrating still another structural
example of the level shufter having the overcurrent detection
function.

FIG. 2 1s a diagram 1illustrating a current waveform 1n a
case where abnormality has not occurred i a capacitance
load.

FIG. 3 1s a diagram 1llustrating a current waveform 1n a
case where abnormality has occurred in the capacitance
load.

FIG. 4 1s a block diagram illustrating one structural
example of a liquid crystal television set.

FIG. 5 1s a block diagram illustrating one structural
example of a display unait.

FIG. 6 A 1s a front view of the liquid crystal television set.

FIG. 6B 1s a side view of the liquid crystal television set.

FIG. 6C 1s a rear view of the liquid crystal television set.

FI1G. 7 1s a diagram 1llustrating a structure of a level shifter
and a general overcurrent detection circuat.
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FIG. 8 1s a diagram illustrating a current waveform 1n a
case where abnormality has not occurred 1n the capacitance

load.

FIG. 9 1s a diagram 1illustrating a current waveform 1n a
case where abnormality has occurred 1n the capacitance

load.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

<Level Shifter Having Overcurrent Detection Function>

FIG. 1A 1s a diagram 1illustrating one structural example
of a level shifter having the overcurrent detection function.
The level shifter having the overcurrent detection function
illustrated 1n FIG. 1A 1s constituted of a capacitance load
driving level shifter and an overcurrent detection circuit.

The capacitance load driving level shifter 1s constituted of

a level shifter driver D1, a P-channel MOS transistor Q1,
and an N-channel MOS transistor Q2, which are the same
structure as the capacitance load driving level shifter 1llus-
trated 1n FIG. 7, and hence detailed description thereof 1s
omitted. Note that FIG. 1A illustrates wavetforms of an input
voltage V.., and an output voltage V ,,,-1n a case where the
voltage amplitude of the output voltage V., 1s set larger
than the voltage amplitude of the input voltage V., but 1t 1s
possible to adjust set values of an on-voltage V 5., and an
ofl-voltage V , -~ so that the voltage amplitude of the output
voltage V ;. 1s smaller than the voltage amplitude of the
input voltage V ... In addition, 1t 1s also possible to adjust set
values of the on-voltage V ., and the off-voltage V ,.... so
that the output voltage V ,, - and the mput voltage V. have
the same voltage amplitude while the output voltage V .,/
and the input voltage V,,, have different high level values
and different low level values.
The overcurrent detection circuit includes a reference
voltage source 1, a clock signal generation unit 2, a com-
parator 3, a calculation unit 4, a logic interface unit 5, an
clectrically erasable programmable read-only memory (EE-
PROM) 6, and an output bufler 7.

The reference voltage source 1 generates a reference
voltage V.- corresponding to an overcurrent detection
level LV ,.» and outputs 1t to the comparator 3. The clock
signal generation unit 2 generates a clock signal CK having
a higher frequency than the mnput voltage V ,,-and outputs the
clock signal CK to the comparator 3 and the calculation unit
4.

The comparator 3 compares a drain-source voltage V,,. of
the MOS transistor Q1 with the reference voltage V..~ at a
rising timing of the clock signal CK, during a period in
which the input voltage V., 1s high level (period in which
the P-channel MOS transistor (Q1 1s on state), on the basis of
the mput voltage V., and the clock signal CK, and outputs
a result of the comparison to the calculation unit 4. Note that,
when the MOS transistor Q1 1s on state, the drain-source
voltage V. of the MOS ftransistor Q1 1s proportional to
current I,,. that flows 1n the MOS transistor Q1.

The calculation unit 4 receives a result of the comparison
by the comparator 3 at a rising timing of the clock signal CK,
during a period 1n which the mput voltage V., 1s high level
(period 1n which the P-channel MOS transistor Q1 i1s on
state), on the basis of the input voltage V,,, and the clock

signal CK.
The calculation unit 4 counts the number of clocks in the

clock signal CK during a failure period in one continuous

period of high level of the input voltage V ;.. (one continuous
period of on state of the P-channel MOS transistor Q1). The
failure period 1s a period 1n which the comparison result
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shows that the drain-source voltage V. of the MOS tran-
sistor Q1 1s the reference voltage V... or higher.

The calculation unit 4 also counts the number of clocks in
the clock signal CK during a pass period 1n one continuous
period of high level of the input voltage V ;.. (one continuous
period of on state of the P-channel MOS transistor Q1). The
pass period 1s a period in which the comparison result shows
that the drain-source voltage V . of the MOS transistor Q1
1s lower than the reference voltage V...

As 1llustrated 1n FIGS. 2 and 3, the current 1. that flows
in the MOS ftransistor Q1 becomes largest due to the
charging current of the capacitance load at a time point when
the mput voltage V., 1s switched from low level to high
level, 1.e., at a start time point of the one continuous period
of on state of the P-channel MOS transistor Q1, and then 1s
gradually decreased along with a decrease in the charging
current of the capacitance load.

For this reason, 1f an overcurrent due to occurrence of
abnormality 1n the capacitance load 1s not flowing, as
illustrated 1n FIG. 2, the number of clocks 1n the clock signal
CK during the failure period becomes small (two 1n the
example illustrated 1n FIG. 2), and the number of clocks 1n
the clock signal CK during the pass period becomes large
(fourteen 1n the example illustrated 1n FIG. 2). In contrast,
if the overcurrent due to occurrence of abnormality 1n the
capacitance load 1s flowing, as illustrated in FIG. 3, the
number of clocks 1 the clock signal CK during the failure
period becomes large (sixteen 1n the example 1llustrated in
FIG. 3), and the number of clocks in the clock signal CK
during the pass period becomes small (zero 1n the example
illustrated 1n FIG. 3). In addition, the pass period appears
only after the failure period.

Theretore, the calculation unit 4 should determine
whether or not the overcurrent due to occurrence of abnor-
mality 1n the capacitance load i1s flowing on the basis of one
of the following determination criteria (1) to (4).

(1) If the number of clocks 1n the clock signal CK during the
fallure period 1s a first threshold value or more, 1t 1s
determined that the overcurrent 1s flowing.

(2) If the number of clocks 1n the clock signal CK during the
pass period 1s a second threshold value or less, 1t 1s deter-
mined that the overcurrent 1s flowing.

(3) If the ratio of the number of clocks 1n the clock signal CK
during the pass period to the number of clocks 1n the clock
signal CK during the failure period 1s a third threshold value
or less, 1t 1s determined that the overcurrent 1s flowing.

(4) If the drain-source voltage V . of the MOS transistor Q1
1s the reference voltage V .. or higher at a rising time point
of a predetermined order of clock in the clock signal CK
during one continuous period of on state of the P-channel
MOS transistor Q1, it 1s determined that the overcurrent 1s
flowing.

When the level shifter having the overcurrent detection
tfunction of this structural example uses one of the determi-
nation criteria (1) to (3) described above, because the
comparison results at a plurality of points are used for
determination, overcurrent detection accuracy 1s higher than
that 1n the overcurrent detection circuit 1llustrated 1n FIG. 7,
in which only the comparison result at an overcurrent
detection point DP 1s used for determination.

When the level shifter having the overcurrent detection
function of this structural example uses the determination
criterion (4), only the comparison result at one point 1s used
for determination. However, because the one point 1s deter-
mined by the clock signal, point position variation becomes
smaller than that at the overcurrent detection point DP that
1s determined by the time constant of the RC filter, and hence
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the overcurrent detection accuracy becomes higher than that
of the overcurrent detection circuit illustrated 1n FIG. 7.

For example, when the level shifter having the overcur-
rent detection function of this structural example 1s mounted
to a liguid crystal television set, a capacitance value of the
capacitance load may change depending on a model of the
liguid crystal television set. However, the level shifter
having the overcurrent detection function of this structural
example can easily support a change in the capacitance
value of the capacitance load, by changing set values of
parameters (such as the first threshold value) used 1n the
determination criteria (1) to (4) described above. In other
words, the level shifter having the overcurrent detection
function of this structural example has high redundancy 1n
determination whether or not the overcurrent due to occur-
rence of abnormality in the capacitance load 1s flowing. For
example, set values of the parameters (such as the first
threshold value) used in the determination critenia (1) to (4)
may be stored in the EEPROM 6, and the set values of the
parameters (such as the first threshold value) used in the
determination criteria (1) to (4) may be rewritten externally
via the logic mterface unit using a bus such as 12C.

It 1s preferred that the calculation unit 4 should store a
result of the decision made according to one of the deter-
mination criteria (1) to (4) described above, 1n a register of
the calculation unit 4, and should detect the overcurrent
when the number of decision results indicating that the
overcurrent 1s flowing reaches a predetermined number
equal to or more than two. It may be possible to detect the
overcurrent when one decision result indicating that the
overcurrent 1s tlowing is obtained, but in this case, misde-
tection due to noise or the like may occur. Note that the
above-mentioned condition that the number of decision
results indicating that the overcurrent 1s flowing reaches a
predetermined number equal to or more than two may be, for
example, a condition that the number of decision results
indicating that the overcurrent 1s flowing reaches a prede-
termined number continuously without inserting a decision
result that the overcurrent 1s not flowing, or a condition that
a predetermined number (e.g. three) of decision results
indicating that the overcurrent i1s flowing are obtained
among a set of continuous decision results of a number (e.g.
five) larger than the predetermined number.

When detecting the overcurrent, the calculation unit 4
should perform at least one of the following processes (1) to
(111).

(1) Stop operation of the level shifter driver D1. Thus,
overcurrent protection 1s achieved.

(11) Output externally a signal informing that the overcurrent
1s detected, via the output butler 7.

(111) Store information that the overcurrent 1s detected, in the
EEPROM 6 via the logic interface unit 5.

In addition, for example, it 1s possible to store the number
of clocks 1n the clock signal CK during the failure period
used 1n one of the determination criteria (1) to (4) described
above, as log data in the EEPROM 6. By analyzing this log
data, it 1s possible to detect that there 1s a tendency to
gradually approach overcurrent even 11 the overcurrent 1s not
yet detected.

Application to Liquid Crystal Television Set

FIG. 4 1s a block diagram illustrating one structural
example of a liquid crystal television set equipped with the
level shifter having the overcurrent detection function
described above. In addition, FIG. 5 1s a diagram 1llustrating
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a schematic structural example of a display unit mounted to
the liquid crystal television set.

A liquad crystal television set A of this structural example
includes a tuner unit Al, a decoder unit A2, a display unait
A3, a speaker unit A4, an operation unit AS, an interface unit
A6, a control unit A7, and a power supply unit AS.

The display unit A3 includes a timing controller 11, a
level shifter group having the overcurrent detection function
12, a liquid crystal display panel 15 including a gate driver
13 and a liquid crystal pixel array 14, and a source driver 16.
The gate driver 13 and the liquid crystal pixel array 14 are
directly mounted on the glass substrate of the liquid crystal
display panel 15.

The liquid crystal pixel array 14 includes a plurality of
data lines, a plurality of scan lines disposed to be perpen-
dicular to the plurality of data lines, and a plurality of pixel
circuits arranged 1n a matrix at intersections of the data lines
and the scan lines. The gate driver 13 sequentially selects
one of the plurality of scan lines of the liquid crystal pixel
array 14. The source driver 16 applies gradation voltages
(analog voltages corresponding to light emission gradation)
to the data lines of the liquid crystal pixel array 14 so as to
drive the data lines of the liquid crystal pixel array 14.

The timing controller 11 controls timings of operations of
the gate driver 13 and the source driver 16. The pixel circuits
of the liguid crystal pixel array 14 have a liquid crystal layer
so as to change the transmittance of the liquid crystal layer
in accordance with the gradation voltage applied to the
corresponding data line when being selected by the corre-
sponding scan line.

The level shifter group having the overcurrent detection
tfunction 12 1s disposed between the timing controller 11 and
the gate driver 13. The level shifter group having the
overcurrent detection function 12 includes the level shifters
having the overcurrent detection function of the same num-
ber as the scan lines of the liquad crystal pixel array 14. The
timing controller 11 sequentially supplies pulse signals to
the level shifters in the level shifter group having the
overcurrent detection function 12. The pulse signal output
from the timing controller 11 to the level shifter group
having the overcurrent detection function 12 1s, for example,
a signal that 1s pulse-driven between 0 V and 3.3 V. On the
other hand, the pulse signal output from the level shifter
group having the overcurrent detection function 12 to the
gate driver 13 1s, for example, a signal that 1s pulse-driven
between —12 V and 30 V. In other words, each level shifter
in the level shifter group having the overcurrent detection
function 12 outputs a pulse signal (corresponding to the
output voltage V ,,--) having a larger voltage amplitude than
the mput pulse signal (corresponding to the input voltage
Vi)

In addition, FIGS. 6 A to 6C respectively 1llustrate a front
view, a side view, and a rear view ol a liquid crystal
television set equipped with the level shifter having the
overcurrent detection function.

The tuner unit Al selects a broadcasting signal of a
desired channel from a reception signal recerved by an
antenna A0 connected externally to the liquid crystal tele-
vision set A.

The decoder unit A2 generates a video signal and a sound
signal from the broadcasting signal selected by the tuner Al.
In addition, the decoder umit A2 also has a function of
generating a video signal and a sound signal on the basis of
an external mput signal from the interface unit A6.

The display umit A3 outputs an image of the video signal
generated by the decoder umit A2.
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The speaker unit A4 outputs sound of the sound signal
generated by the decoder unit A2.

The operation unit A5 1s one of human interfaces that
receive user’s operation. As the operation unit AS, buttons,
switches, a remote controller, or the like can be used.

The interface unit A6 1s a front end that receives an
external mput signal from an external device (such as an
optical disc player or a hard disk drive).

The control umit A7 controls operations of the individual
units Al to A6 described above 1n an itegrated manner. As
the control unit A7, a central processing unit (CPU) or the
like can be used.

The power supply unit A8 supplies electric power to the
individual units Al to A7 described above.

Other Variations

Note that, other than the embodiment described above, the
structure of the present invention can be variously modified
within the scope of the present invention without deviating
the spirit thereof.

In the embodiment described above, the overcurrent
detection 1s performed on the basis of a result of the
comparison by the comparator 3 at a rising timing of the
clock signal CK, but the overcurrent detection may be
performed on the basis of a result of the comparison by the
comparator 3 at a falling timing of the clock signal CK.

In the embodiment described above, the level shifter
having the overcurrent detection function 1s applied to the
liquid crystal television set, but 1t may be applied to other
liquid crystal display devices such as a liquid crystal monitor
ol a personal computer.

In addition, 1n the embodiment described above, the
overcurrent detection circuit 1s applied to the level shifter,
but 1t may be applied to other load driving devices that drive
capacitance loads.

In addition, in the embodiment described above, overcur-
rent of the current flowing 1 the MOS ftransistor Q1 1s
detected, but 1t 1s possible to adopt the structure 1llustrated
in FIG. 1B, in which the comparator 3 compares the drain-
source voltage of the MOS transistor Q2 with the reference
voltage V ... 1n the low level period of the input voltage V ,,,
(the period of on state of the MOS transistor (Q2), and a
result of the comparison 1s received by the calculation unit
4. In the structure illustrated in FIG. 1B, an operation in the
embodiment described above during the high level period of
the input voltage V,,; 1s changed to an operation during the
low level period of the mput voltage V.., but the basic
operation itself 1s not changed, and hence detailed descrip-
tion thereof 1s omitted. With the structure 1llustrated 1n FIG.
1B, overcurrent of the current flowing 1n the MOS transistor
Q2 1s detected.

Note that 1t 1s possible to combine the structure 1llustrated
in FIG. 1A and the structure illustrated in FIG. 1B {for
implementation. In this case, the overcurrent detection cir-
cuit detects overcurrent of the current flowing 1n the MOS
transistor Q1 during the high level period of the input
voltage V., and detects overcurrent of the current flowing
in the MOS transistor Q2 during the low level period of the
input voltage V,.. In addition, the structure illustrated 1n
FIG. 1A and the structure illustrated in FIG. 1B may be
simply combined, or a switch SW1 may be disposed
between the comparator 3 and the MOS transistors Q1 and
Q2 as illustrated 1 FIG. 1C. The switch SW1 selects the
drain and the source of the MOS transistor (1 as connection
targets of the comparator 3 during the high level period of
the input voltage V ., and selects the drain and the source of
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the MOS transistor Q2 as connection targets of the com-
parator 3 during the low level period of the mnput voltage
V-

In this way, the embodiment described above 1s merely an
example 1n every aspect and should not be mterpreted as a
limitation. The technical scope of the present invention 1s
defined not by the above description of the embodiment but
by the claims and should be understood to include all

modifications within the meaning and the scope equivalent
to the claims.

INDUSTRIAL APPLICABILITY

The present invention can be used for overcurrent detec-
tion 1n a load driving device that drives a capacitance load

used 1n various fields (the home appliance field, the auto-
mobile field, the industrial machine field, and the like).

CONCLUSION

An example of the overcurrent detection circuit described
above 1s an overcurrent detection circuit arranged to detect
overcurrent of a load driving device that drives a capacitance
load by switching a voltage applied to the capacitance load
between high level and low level. The overcurrent detection
circuit includes a clock signal generation unit arranged to
generate a clock signal, a comparing unit arranged to com-
pare a physical quantity corresponding to current supplied
from the load driving device to the capacitance load with a
predetermined value, and a determination unit arranged to
determine whether or not the load driving device 1s in an
overcurrent state based on the clock signal and a result of the
comparison by the comparing unit, during a period in which
the load driving device applies a high level voltage to the
capacitance load (first structure).

In addition, the overcurrent detection circuit of the first
structure described above may have a structure, in which the
determination unit determines whether or not the load driv-
ing device 1s 1n an overcurrent state based on the number of
clocks in the clock signal during a first interval in one
continuous period in which the load driving device applies
a high level voltage to the capacitance load, and the physical
quantity corresponding to current supplied from the load
driving device to the capacitance load 1s a predetermined
value or more 1n the first interval (second structure).

In addition, the overcurrent detection circuit of the first or
second structure described above may have a structure, 1n
which the determination unit determines whether or not the
load driving device 1s 1n an overcurrent state based on the
number of clocks 1n the clock signal during a second interval
in one continuous period in which the load dniving device
applies a high level voltage to the capacitance load, and the
physical quantity corresponding to current supplied from the
load driving device to the capacitance load 1s less than a
predetermined value in the second interval (third structure).

In addition, the overcurrent detection circuit of the third
structure may have a structure, 1n which the determination
unit determines whether or not the load driving device 1s in
an overcurrent state based on a ratio between the number of
clocks 1n the clock signal during the first interval and the
number of clocks in the clock signal during the second
interval (fourth structure).

In addition, the overcurrent detection circuit of the first
structure described above may have a structure, in which the
determination unit determines whether or not the load driv-
ing device 1s 1n an overcurrent state based on a result of the
comparison by the comparing unit at a rising time point or
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a falling time point of a predetermined order of clock 1n the
clock signal 1mn one continuous period in which the load
driving device applies a high level voltage to the capacitance
load (fifth structure).

Another example of the overcurrent detection circuit
described above 1s an overcurrent detection circuit, which
detects overcurrent of a load drniving device that drives a
capacitance load by switching a voltage applied to the
capacitance load between high level and low level. The
overcurrent detection circuit includes a clock signal genera-
tion unit arranged to generate a clock signal, a comparing
unit arranged to compare a physical quantity corresponding
to current supplied from the capacitance load to the load
driving device with a predetermined value, and a determi-
nation unit arranged to determine whether or not the load
driving device 1s in an overcurrent state based on the clock
signal and a result of the comparison by the comparing unit,
during a period in which the load driving device applies a
low level voltage to the capacitance load (sixth structure).

In addition, the overcurrent detection circuit of the sixth
structure may have a structure, 1n which the determination
unit determines whether or not the load driving device 1s 1n
an overcurrent state based on the number of clocks in the
clock signal during a first interval in one continuous period
in which the load driving device applies a low level voltage
to the capacitance load, and the physical quantity corre-
sponding to current supplied from the capacitance load to
the load driving device 1s a predetermined value or more in
the first interval (seventh structure).

In addition, the overcurrent detection circuit of the sixth
or seventh structure may have a structure, in which the
determination unit determines whether or not the load driv-
ing device 1s 1n an overcurrent state based on the number of
clocks 1n the clock signal during a second interval in one
continuous period 1 which the load driving device applies
a low level voltage to the capacitance load, and the physical
quantity corresponding to current supplied from the capaci-
tance load to the load driving device 1s less than a prede-
termined value 1n the second interval in the second interval
(e1ghth structure).

In addition, the overcurrent detection circuit of the eighth
structure may have a structure, 1n which the determination
umt determines whether or not the load driving device 1s 1n
an overcurrent state based on a ratio between the number of
clocks 1n the clock signal during the first interval and the
number of clocks in the clock signal during the second
interval (ninth structure).

In addition, the overcurrent detection circuit of the sixth
structure may have a structure, 1n which the determination
unit determines whether or not the load driving device 1s 1n
an overcurrent state based on a result of the comparison by
the comparing unit at a rising time point or a falling time
point of a predetermined order of clock 1n the clock signal
in one continuous period i which the load driving device
applies a low level voltage to the capacitance load (tenth
structure).

In addition, the overcurrent detection circuit of any one of
the first to tenth structures may further include a holding unit
arranged to hold a result of the comparison by the comparing
unit, in which overcurrent of the load driving device 1s
detected when the holding unit holds a predetermined num-
ber equal to or more than two of results of the comparison
by the comparing unit that the load driving device 1s in an
overcurrent state, and overcurrent of the load driving device
1s not detected when the holding unit does not hold the
predetermined number equal to or more than two of results
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of the comparison by the comparing unit that the load
driving device 1s 1n an overcurrent state (eleventh structure).

The load driving device having an overcurrent detection
function described above includes a load driving device
arranged to drive a capacitance load, and the overcurrent
detection circuit of any one of the first to eleventh structures
arranged to detect overcurrent of the load driving device
(twellth structure).

In addition, the load driving device having an overcurrent
detection function of the twelith structure may have a
structure, 1n which the load driving device 1s a level shifter
arranged to input a first pulse signal so as to generate and
output a second pulse signal having a larger voltage ampli-
tude than the first pulse signal (thirteenth structure).

The liquid crystal display device described above includes
a liquid crystal display panel including a gate driver, and the
load driving device having an overcurrent detection function
of the thirteenth structure including the level shifter arranged
to supply an output signal to the gate driver (fourteenth
structure).

What 1s claimed 1s:

1. An overcurrent detection circuit arranged to detect
overcurrent of a load driving device that drives a capacitance
load by switching a voltage applied to the capacitance load
between high level and low level, the overcurrent detection
circuit comprising:

a clock signal generation unit arranged to generate a clock

signal;

a comparing unit arranged to compare a physical quantity
corresponding to current supplied from the load driving
device to the capacitance load with a predetermined
value; and

a determination unit arranged to determine whether or not
the load driving device 1s 1n an overcurrent state based
on the clock signal and a result of the comparison by
the comparing unit, during a period 1n which the load
driving device applies a high level voltage to the
capacitance load, wherein

the determination unit determines whether or not the load
driving device 1s 1n an overcurrent state based on the
number of clocks i1n the clock signal during a first
interval in one continuous period i which the load
driving device applies a high level voltage to the
capacitance load, and

the physical quantity corresponding to current supplied
from the load driving device to the capacitance load 1s
a predetermined value or more 1n the first interval.

2. An overcurrent detection circuit arranged to detect
overcurrent of a load driving device that drives a capacitance
load by switching a voltage applied to the capacitance load
between high level and low level, the overcurrent detection
circuit comprising:

a clock signal generation unit arranged to generate a clock

signal;

a comparing unit arranged to compare a physical quantity
corresponding to current supplied from the load driving
device to the capacitance load with a predetermined
value; and

a determination unit arranged to determine whether or not
the load driving device 1s in an overcurrent state based
on the clock signal and a result of the comparison by
the comparing unit, during a period 1n which the load
driving device applies a high level voltage to the
capacitance load, wherein

the determination unit determines whether or not the load
driving device 1s in an overcurrent state based on the
number of clocks in the clock signal during a second
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interval in one continuous period i which the load
driving device applies a high level voltage to the
capacitance load, and

the physical quantity corresponding to current supplied
from the load driving device to the capacitance load 1s
less than a predetermined value 1n the second interval.

3. The overcurrent detection circuit according to claim 2,
wherein the determination unit determines whether or not
the load driving device 1s in an overcurrent state based on a
ratio between the number of clocks 1n the clock signal during
the first interval and the number of clocks 1n the clock signal
during the second interval.

4. An overcurrent detection circuit arranged to detect
overcurrent of a load driving device that drives a capacitance
load by switching a voltage applied to the capacitance load
between high level and low level, the overcurrent detection
circuit comprising;

a clock signal generation unit arranged to generate a clock

signal;

a comparing unit arranged to compare a physical quantity
corresponding to current supplied from the load driving
device to the capacitance load with a predetermined
value; and

a determination unit arranged to determine whether or not
the load driving device 1s 1n an overcurrent state based
on the clock signal and a result of the comparison by
the comparing unit, during a period 1n which the load
driving device applies a high level voltage to the
capacitance load, wherein the determination unit deter-
mines whether or not the load driving device 1s 1 an
overcurrent state based on a result of the comparison by
the comparing umt at a rising time point or a falling
time point of a predetermined order of clock in the
clock signal 1n one continuous period 1n which the load
driving device applies a high level voltage to the
capacitance load.

5. An overcurrent detection circuit arranged to detect
overcurrent of a load driving device that drives a capacitance
load by switching a voltage applied to the capacitance load
between high level and low level, the overcurrent detection
circuit comprising:

a clock signal generation unit arranged to generate a clock

signal;

a comparing unit arranged to compare a physical quantity
corresponding to current supplied from the capacitance
load to the load driving device with a predetermined
value; and

a determination unit arranged to determine whether or not
the load driving device 1s 1n an overcurrent state based
on the clock signal and a result of the comparison by
the comparing unit, during a period 1n which the load
driving device applies a low level voltage to the capaci-
tance load, wherein

the determination unit determines whether or not the load
driving device 1s 1n an overcurrent state based on the
number of clocks 1n the clock signal during a first
interval in one continuous period i which the load
driving device applies a low level voltage to the capaci-
tance load, and

the physical quantity corresponding to current supplied
from the capacitance load to the load drniving device 1s
a predetermined value or more 1n the first interval.

6. An overcurrent detection circuit arranged to detect
overcurrent of a load driving device that drives a capacitance
load by switching a voltage applied to the capacitance load
between high level and low level, the overcurrent detection
circuit comprising;
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a clock signal generation unit arranged to generate a clock
signal;

a comparing unit arranged to compare a physical quantity
corresponding to current supplied from the capacitance
load to the load drniving device with a predetermined
value; and

a determination unit arranged to determine whether or not
the load driving device 1s 1n an overcurrent state based
on the clock signal and a result of the comparison by
the comparing unit, during a period 1n which the load
driving device applies a low level voltage to the capaci-
tance load, wherein

the determination unit determines whether or not the load
driving device 1s in an overcurrent state based on the
number of clocks 1n the clock signal during a second
interval 1 one continuous period i which the load
driving device applies a low level voltage to the capaci-
tance load, and

the physical quantity corresponding to current supplied
from the capacitance load to the load driving device 1s
less than a predetermined value 1n the second interval
in the second interval.

7. The overcurrent detection circuit according to claim 6,
wherein the determination unit determines whether or not
the load driving device 1s 1n an overcurrent state based on a
rat1o between the number of clocks 1n the clock signal during,
the first interval and the number of clocks 1n the clock signal
during the second interval.

8. An overcurrent detection circuit arranged to detect
overcurrent of a load driving device that drives a capacitance
load by switching a voltage applied to the capacitance load
between high level and low level, the overcurrent detection
circuit comprising:

a clock signal generation unit arranged to generate a clock

signal;

a comparing unit arranged to compare a physical quantity
corresponding to current supplied from the capacitance
load to the load driving device with a predetermined
value; and

a determination unit arranged to determine whether or not
the load driving device 1s 1n an overcurrent state based
on the clock signal and a result of the comparison by
the comparing unit, during a period 1n which the load
driving device applies a low level voltage to the capaci-
tance load, wherein the determination unit determines
whether or not the load driving device 1s 1n an over-
current state based on a result of the comparison by the
comparing umt at a rising time point or a falling time
point of a predetermined order of clock 1n the clock
signal 1n one continuous period in which the load
driving device applies a low level voltage to the capaci-
tance load.

9. An overcurrent detection circuit arranged to detect
overcurrent of a load driving device that drives a capacitance
load by switching a voltage applied to the capacitance load
between high level and low level, the overcurrent detection
circuit comprising:

a clock signal generation unit arranged to generate a clock

signal;

a comparing unit arranged to compare a physical quantity
corresponding to current supplied from the load driving
device to the capacitance load with a predetermined
value;

a determination unit arranged to determine whether or not
the load driving device 1s in an overcurrent state based
on the clock signal and a result of the comparison by
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the comparing unit, during a period 1n which the load
driving device applies a high level voltage to the
capacitance load; and

a holding unit arranged to hold a result of the comparison
by the comparing unit, wherein

overcurrent of the load driving device 1s detected when
the holding unit holds a predetermined number equal to
or more than two of results of the comparison by the
comparing unit that the load driving device i1s 1n an
overcurrent state, and

overcurrent of the load driving device 1s not detected
when the holding unit does not hold the predetermined
number equal to or more than two of results of the
comparison by the comparing unit that the load driving
device 1s 1n an overcurrent state.

10. An overcurrent detection circuit arranged to detect
overcurrent of a load driving device that drives a capacitance
load by switching a voltage applied to the capacitance load
between high level and low level, the overcurrent detection
circuit comprising:

a clock signal generation unit arranged to generate a clock

signal;

a comparing unit arranged to compare a physical quantity
corresponding to current supplied from the capacitance
load to the load driving device with a predetermined
value;

a determination umt arranged to determine whether or not
the load driving device 1s 1n an overcurrent state based
on the clock signal and a result of the comparison by
the comparing unit, during a period 1n which the load
driving device applies a low level voltage to the capaci-
tance load; and

a holding unit arranged to hold a result of the comparison
by the comparing unit, wherein

overcurrent of the load driving device 1s detected when
the holding unit holds a predetermined number equal to
or more than two of results of the comparison by the
comparing unit that the load driving device i1s 1n an
overcurrent state, and

overcurrent of the load driving device 1s not detected
when the holding unit does not hold the predetermined
number equal to or more than two of results of the

comparison by the comparing unit that the load driving
device 1s 1n an overcurrent state.
11. A load drniving device having an overcurrent detection
function comprising:
a load dniving device arranged to drive a capacitance load;
and
the overcurrent detection circuit according to claim 1,
wherein
the overcurrent detection circuit detects overcurrent of the
load driving device.
12. A load driving device having an overcurrent detection
function comprising:
a load driving device arranged to drive a capacitance load;
and
the overcurrent detection circuit according to claim 2,
wherein
the overcurrent detection circuit detects overcurrent of the
load driving device.
13. A load driving device having an overcurrent detection
function comprising:
a load dniving device arranged to drive a capacitance load;
and
the overcurrent detection circuit according to claim 4,
wherein
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the overcurrent detection circuit detects overcurrent of the
load driving device.
14. A load driving device having an overcurrent detection
function comprising:
a load driving device arranged to drive a capacitance load;
and
the overcurrent detection circuit according to claim 9,
wherein
the overcurrent detection circuit detects overcurrent of the
load driving device.
15. A load driving device having an overcurrent detection
function comprising:
a load driving device arranged to drive a capacitance load;
and

the overcurrent detection circuit according to claim 5,

wherein

the overcurrent detection circuit detects overcurrent of the

load driving device.

16. A load driving device having an overcurrent detection
function comprising:

a load driving device arranged to drive a capacitance load;

and

the overcurrent detection circuit according to claim 6,

wherein

the overcurrent detection circuit detects overcurrent of the

load driving device.

17. A load driving device having an overcurrent detection
function comprising:

a load driving device arranged to drive a capacitance load;

and

the overcurrent detection circuit according to claim 8,

wherein

the overcurrent detection circuit detects overcurrent of the

load driving device.

18. A load driving device having an overcurrent detection
function comprising:

a load driving device arranged to drive a capacitance load;

and

the overcurrent detection circuit according to claim 10,

wherein

the overcurrent detection circuit detects overcurrent of the

load driving device.

19. The load drniving device having an overcurrent detec-
tion function according to claim 11, wherein the load driving
device 1s a level shifter arranged to input a first pulse signal
sO as to generate and output a second pulse signal having a
larger voltage amplitude than the first pulse signal.

20. The load driving device having an overcurrent detec-
tion function according to claim 12, wherein the load driving,
device 1s a level shifter arranged to mnput a first pulse signal
sO as to generate and output a second pulse signal having a
larger voltage amplitude than the first pulse signal.

21. The load driving device having an overcurrent detec-
tion function according to claim 13, wherein the load driving
device 1s a level shifter arranged to input a first pulse signal
so as to generate and output a second pulse signal having a
larger voltage amplitude than the first pulse signal.

22. The load driving device having an overcurrent detec-
tion function according to claim 14, wherein the load driving,
device 1s a level shifter arranged to input a first pulse signal
so as to generate and output a second pulse signal having a
larger voltage amplitude than the first pulse signal.

23. The load driving device having an overcurrent detec-
tion function according to claim 15, wherein the load driving,
device 1s a level shifter arranged to mnput a first pulse signal
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so as to generate and output a second pulse signal having a
larger voltage amplitude than the first pulse signal.

24. The load driving device having an overcurrent detec-
tion function according to claim 16, wherein the load driving
device 1s a level shifter arranged to mnput a first pulse signal
sO as to generate and output a second pulse signal having a
larger voltage amplitude than the first pulse signal.

25. The load dniving device having an overcurrent detec-
tion function according to claim 17, wherein the load driving
device 1s a level shifter arranged to input a first pulse signal
s0 as to generate and output a second pulse signal having a
larger voltage amplitude than the first pulse signal.

26. The load dniving device having an overcurrent detec-
tion function according to claim 18, wherein the load driving
device 1s a level shifter arranged to 1input a first pulse signal
so as to generate and output a second pulse signal having a
larger voltage amplitude than the first pulse signal.

27. A liquad crystal display device comprising:

a liquid crystal display panel including a gate driver; and

the load driving device having an overcurrent detection

function according to claim 19, wherein

the level shifter supplies an output signal to the gate

driver.

28. A liquid crystal display device comprising:

a liquid crystal display panel including a gate driver; and

the load driving device having an overcurrent detection

function according to claim 20, wherein

the level shifter supplies an output signal to the gate

driver.

29. A liquad crystal display device comprising:

a liquid crystal display panel including a gate driver; and

the load driving device having an overcurrent detection

function according to claim 21, wherein

the level shifter supplies an output signal to the gate

driver.

30. A liquid crystal display device comprising:

a liquid crystal display panel including a gate driver; and

the load driving device having an overcurrent detection

function according to claim 22, wherein

the level shifter supplies an output signal to the gate

driver.

31. A liquad crystal display device comprising:

a liquid crystal display panel including a gate driver; and

the load driving device having an overcurrent detection

function according to claim 23, wherein

the level shifter supplies an output signal to the gate

driver.

32. A liquid crystal display device comprising:

a liquid crystal display panel including a gate driver; and

the load driving device having an overcurrent detection

function according to claim 24, wherein

the level shifter supplies an output signal to the gate

driver.

33. A liquid crystal display device comprising:

a liquid crystal display panel including a gate driver; and

the load driving device having an overcurrent detection

function according to claim 25, wherein

the level shifter supplies an output signal to the gate

driver.

34. A liquad crystal display device comprising:

a liquid crystal display panel including a gate driver; and

the load driving device having an overcurrent detection

function according to claim 26, wherein
the level shifter supplies an output signal to the gate
driver.
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